Introduction
An ever-present need in an accelerator-based research program is knowing the energy of the beam delivered to the experimenter. Knowledge of accelerator parameters is generally good enough to predict the beam energy to within a few percent as it leaves the machine, but after passage through a complex switchyard, with air gaps, and "nondestructive" monitors, substantial changes in the energy can occur. Knowledge The wedge pictured in Figure 1 has been developed by the authors to overcome these difficulties, and has been designed so that the resultant film contains all necessary information for the user to determine the beam-range in the wedge material and also to judge the quality of the measurement. This completeness arises entirely from the designed wedge-shape and the complex fiducial pattern machined onto the back face of the wedge. The usefulness of this fiducial pattern is seen by observing that particles passing through the grooves in the pattern will have traversed less material, so that key portions of the pattern will be imprinted on the film (See Figure 2) 
Accuracy -Summary
From the above discussions, we see that random errors in using the wedge for energy measurements are around 0.5%, while systematic errors from rangeenergy uncertainties could be as high as 3% for the heavier ions. This situation should be improved in the near future when a presently-planned program of time-of-flight measurements to determine dE/dx values for these ions gets underway.
Region of Applicability
The energy region over which this technique can be used is quite broad. At the lower end the beam must be able to penetrate the thinnest layer of the absorber and be able to reach the film emulsion, implying a total range around 5 mm in a low Z material. At the upper end there is a practical maximum thickness of material which can be traversed above which the technique becomes difficult to apply. The growth in beam size due to range straggling and multiple scattering degrades resolution, and nuclear interactions substantially attenuate the primary beam. The nuclear mean free path for a typical heavy ion is around 10 gm/cm2 of a medium-weight target, so a 1 GeV/amu neon ion will have gone through about 5 interaction lengths before stopping in copper. If less than a few percent of the primary beam survives to the stopping point the demarkation line on the film will become indistinguishable from the background of nuclear fragments. So a maximum penetration thickness of about 50 gm/cmi represents about the upper limit of usefulness of this energy-measuring technique.
The energy ranges of these upper and lower thickness limits is summarized in Figure 3 for various ions. One sees that the range covered extends from about 100 MeV/amu for the lighter ions to several GeV/amu for the heavier ions. The measurement of range using a metallic wedge and photographic film as a detecting medium provides a rapid, efficient and quite accurate method of determining ion beam energies over a wide region of energies.
To most effectively cover different energy regions we have fabricated two wedges, one of aluminum the other of copper, and a set of rectangular blocks to provide total thicknesses of around 15 cm. This set very adequately covers most of the experimental beam/energy configurations encountered at the Bevalac. 
